We investigate a simple statistical model of quark-gluon plasma (QGP) formation. In the model, we use a phenomenological parameter which enhances the growth of quark droplet formation and also stabilizes the formation of the QGP droplet. Then, we study direct photon radiation through annihilation and Compton processes from these stabilized QGP incorporating the parametrized momentum factor in the quark mass. The production rate of thermal photon is found to be dominated in the low transverse momentum and increases a little in comparison to the recent development of direct photon radiation of other theoretical and experimental works.
Introduction
The main objective idea of ultrarelativistic heavy-ion collisions is to create and study strongly interacting matter which is obtained from transformation of a confined matter of hadronic state to a deconfined state of free quarks and gluons [1, 2] . The interacting matter is found to exist in the form of a superfluid state called quark-gluon plasma (QGP) and its existence is reported at Relativistic Heavy Ion-Collision (RHIC) and at Large Hadron Collider (LHC) [3] [4] [5] [6] . Moreover, the report from lattice QCD calculation proves the existence of such matter (QGP) at very high temperature [7] . In fact, experiments at SPS/CERN, RHIC/BNL, and LHC/CERN may create such situation at high temperature for the study of QGP [8] . It is also observed experimentally that the formation of QGP is done due to central collision of two massive nuclei. So, the experiments at heavy-ion reaction are really trying to create the same condition that existed at the time of creation of the early universe, that is, the condition just after the big-bang. To prove the existence of the matter, there are various possible probes of QGP formation. Among these probes, the experimental measurement of electromagnetic observables in heavy-ion collision gives one of the most promising and exciting signals in heavy-ion reactions due to their noninteraction after their productions. These are considered to be highly energetic photons and leptons [9] [10] [11] [12] [13] [14] [15] [16] [17] and have been recognized as direct probes of collisions.
The electromagnetic signals have large mean-free path at their emission. Due to the large mean-free path, they interact as electromagnetic reactions and leave the fireball undisturbed, and they carry all the information about existence of the plasma. So, they give the fundamental information for the formation of QGP.
So far, many investigations have been devoted to the research of hard photon production from quark-gluon plasma at finite temperature [18] [19] [20] [21] . The authors first consider the ideal fluid dynamics to study the subsequent evolution of kinematically equilibrated QGP phase at very high energy and temperature. Moreover experimental observations [22] [23] [24] [25] [26] from Pb-Pb collision at √ = 158 AGeV by CERN WA80 and WA98 collaboration at SPS indicate the first favorable interest in these electromagnetic probes. They further expect data from RHIC and LHC [27] . These observations show the production of excess direct photon from the results of hadronic decays in the intermediate transverse momentum region of the most central collisions. This supports the confirmation of direct photon as a feasible signal for the formation and evolution of QGP.
Furthermore, the current experimental programs at ultrarelativistic heavy-ion collisions at RHIC/BNL and LHC/CERN have indicated the main goal of its experimental pursuit in the research of QGP with the higher beam energies. The active program will provide deeper understanding in the analysis of theoretical modelling. In addition to these 2 ISRN High Energy Physics ideas, the transverse momentum distribution function of direct photon is significant in the photon induced reaction at the same energies √ [28] [29] [30] for the momentum greater than 1.5 GeV/c in the central collision, which implies the importance of direct photon production dependent on the space time evolution scenarios of the finite QGP formation. On these information, we focus the photon radiation directly from the thermalized quark-gluon plasma at = 0.25 GeV which expands and cools, comes back to hadronic matter with the production of latent heat, that again heats and cools, and eventually freezes out at last into hadrons such as pions at around temperature = 0.15 GeV [31] .
In the present work, we investigate a simple model to create the formation of these strongly interacting matter of quark-gluon plasma with the parametrized momentum factor in the quark mass. The thermal dependent quark mass removes the infrared (IR) divergence in production rate of photon that occurred in the dominant reaction of annihilation and Compton processes. There are infrared divergences in the photon production rate with the massless quark. So, quark mass is used in removing the IR divergence and it is initially handled by the technique of [32] [33] [34] . So, we consider the thermal finite quark mass as [35] 
where = (( (1/3) 2 Λ 2 )/2) 1/4 is known as low momentum cut-off with = 16 /(33 − 2 ) and parametrization factor = √ 2√1/ 2 + 1/ 2 with = .
is either 6 or 8 with = 1/6 [36, 37] . These factors are suitably chosen in an ad-hoc fashion to fit the free energy evolution of the QGP. Now, we study photon radiation at the different temperatures for the two different quark flavors = 2 and 3. We also calculate the photon production and total spectra at the hot phase of QGP evolution at the temperatures = 0.25 and 0.30 GeV and compare the results with other theoretical and experimental results.
Thus, we organize the paper as follows. In Section 2, we give a brief idea of free energy evolution of QGP. In Section 3, we present the photon radiation and total spectra from QGP, and in Section 4, we give the results and conclusion.
Free Energy Evolution of QGP
The free energies of the constituent particles of QGP evolution can be calculated through density of states of the noninteracting fermions and bosons at the finite temperature. The calculated free energies of quarks and gluons are defined as follows [38] [39] [40] [41] :
where is degeneracy factor and ( ) is density of states of the constituent particles of the QGP. The density of state is obtained through the mean field potential among quarksantiquarks and quarks-gluons. To find the potential, we take the thermal Hamiltonian process of the thermal dependent quark mass. The Hamiltonian is defined as [42] ( , ) = ( , )
where unperturbed Hamiltonian is
and the second one is considered to be the effective potential term in which 2 ( ) = 4 is a QCD coupling constant with defined as = 4
We construct the density of state of quarks and gluons by adapting the Thomas-Fermi model for electrons and Bethe model of nucleons as templates [43] [44] [45] through this potential of the Hamiltonian and it is, therefore, defined as
In addition to the above free energy, there are energy contributions in the evolution of the QGP fireball from the Weyl surface energy and pions. During the formation of quark and gluon droplets, surface energy due to Weyl surface [46] has considerable amount of energy contribution in the formation of droplets which is taken as
where weyl ( ) = [
In another term, the Weyl energy replaces the role of bag energy of the MIT model. In the above Weyl density, is the size of the droplets. The contributed pion-free energy is defined as [38] [39] [40] [41] 
The process of the transition from QGP to hadronic phase involves pions-free energy for the accurate growth of the QGP fireball. So, the total free energy of the QGP can be computed as
where denotes the contribution of each particle.
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Photon Production from QGP
The calculation of photon production from QGP is found to be a very interesting theoretical problem. In the creation of early stage of the universe, there was little understood about photon production as the system was just before the process of thermalization. We consider the thermalized state of QGP system after big-bang process and the system take a longer time compared to the time scale associated with the photon production. Moreover, it is stated [47, 48] that for the coupling parameter ≪ 1, the result turns out to be slow expansion near the equilibrium temperature, even though it is not justified condition. Resulting by this, there are good number of research works in photon production from the quark-gluon plasma considering the QCD quark antiquark annihilation process and Compton process. Based on these results, we focus the photon production rate and total spectra at thermal equilibrium temperature = 0.25 GeV and = 0.30 GeV. We calculate subsequently the production rate of photon in the similar line of one loop calculation of Compton process ( ) → ( ) plus annihilation → and calculate photon production from the quark matter with two loops considerations evaluated by Aurenche et al., and that is known as Bremsstrahlung processes. Finally, we consider the dominant contribution of annihilation with scattering obtained by Aurench et al., and that is known as AWS.
The formulation of photon production with one loop order of Compton plus annihilation is given by the expression [14, 15, [18] [19] [20] [21] 49] :
where 2 = 2 2 . The summation is over the number of quark flavors and is their electric charge. Similarly, the production rate of photons due to two loops order of Bremsstrahlung processes is given as [50] [51] [52] [53] 
In the above expression, = −1.064 and −1.130 for quark flavors = 2 and 3. Similarly, the values for at = 2 and 3 are taken as 1.108 and 1.20.
Finally, we calculate the most dominant contribution given by annihilation with scattering process (AWS). The expression for production rate of annihilation with scattering is given as [50] [51] [52] [53] 
Furthermore, we study the total photon spectrum at temperature = 0.30 GeV by integrating the total rate over the space-time history of the collision for all the processes after getting the temperature of the evolution from the model. We perform the integration at = 0.30 GeV as done in other theoretical models. It is expressed as [54, 55] 
where is the initial and final value of time evolution. We take rapidity nuc = ±5.3 corresponding to RHIC energy. The transverse cross-section of the considered nuclei is taken as ∼ 180 fm 2 . is the photon transverse momentum. Then, the quantity on the R. H. S. is defined in the centreof-mass system with the photon energy = cosh( − ). Moreover, the longitudinal expansion is assumed to be a dominant factor in the early stage in comparison to the transverse expansion [56, 57] . The influence of transverse expansion can be considered in later space time evolution around the time = 2.7 fm/c. The production rate will be approximately down in the scale of consistent magnitude with the experimental result and with the inclusion of transverse expansion. So our approximation is well valid during the early stage where our interest lies. Thus, with the values of rapidity and , we get the total photon spectrum.
Results and Conclusion
In the results and conclusion we present the numerical results for the evolution of free energy of plasma and photon production rate and also total spectra from the plasma through the different channels at finite temperature with the introduction of parametrization value in the quark mass. The calculation is done for two different quark flavors. The free energy evolution is shown by Figures 1 and 2 . In Figure 1 , droplet size of QGP formation is small with the quark flavor = 2 but it shows a clear cut information about the stability of the droplet for the various values of temperature at the droplet size of = 3.5 fm. Similarly, we plot free energy with the size of droplet in Figure 2 . The droplet size is found to be still large compared to the former one with the proper stability in the droplet formation with the quark flavor = 3 at the same values of temperature. The increased droplet size is found to be = 7.0 fm. The stable-sized droplet is around double times the size of the former one of flavor = 2. It indicates that the use of parametrization in the quark mass in both figures enhances the free energy evolution and creates stability in the droplet size formation of the plasma evolution. The evolution at such stable droplet can produce the photon in the range of free energy 0-6.0 GeV. If we increase the temperature > 250 MeV, then the free energy increases with unstable droplet and the photon production will be more with the temperature. But we perform the photon production for stable QGP with suitable choice of parameter for annihilation and Compton processes at the range of the free energy forming stable droplet.
In Figures 3 and 4 , we show the photon emission rate at the different initial temperatures with the two different quark flavors for the process of annihilation plus Compton processes. The emission rates are found to be increasing with the temperature of the system in both situations of quark flavor. The increase in the emission rate is highly effected by the temperature of the system, and it seems to be large near the creation of quark matter that is found at the very early universe. Besides, there is less suppression in the photon emission with the increase in the photon energy at temperature = 0.57 GeV. This is because of the fact that the Boltzmann factor − / in the expression (11) does not suppress the yield rate as we increase the energy ≫ . Then, in Figures 5 and 6 , we show the compared results of photon emission at temperature = 0.25 GeV with other theoretical results for the different mechanisms of the photon production. We find that the contribution of Bremsstrahlung is effectively high in the low photon energy < 1.0 GeV in comparison to the other two channels namely AWS and annihilation plus Compton, and it is dominated by the other two channels in the higher energy for both flavors. Between the two channels, AWS channel has more photon production ISRN High Energy Physics Figure 6 : The photon emission rate through different channels at thermal temperature = 0.25 GeV for = 3 and compared with other works. rate than that of the annihilation plus Compton channel. In all the processes/channels, our model has large advantage in the photon production rate particularly in Bremsstrahlung and AWS, but the production rate has negligible amount of increment in annihilation plus Compton process. A visible increment in AWS and Bremss of flavor = 2 can be seen in Figure 5 . Thus, the production rate of our model with the flavor = 2 has improved from other works in these two channels. It means that our result is dominant over the production rate of [14, 15, 18, 19, [50] [51] [52] [53] [54] [55] . The production rate is further examined for the quark flavor = 3 in Figure 6 . In the figure, we compare the outputs between our result and other standard results of [14, 15] . The result has a visible incremental amount in the production rate in all the three channels. It indicates that the calculation through our model of parametrization value in the quark mass improves in the result of photon productions. The production rate has still enhanced result in comparison to WA98 experiments as well as in many of other theoretical calculations of photon productions and it is shown in Figures  9 and 10 . Now we study the total photon spectrum over the whole space-time evolution of QGP. These results are also shown in Figures 7-10 . In Figures 7 and 8 , we first show the total spectra of the photon at different temperatures for = 2 and 3 as a function of photon transverse momentum. In both figures, the production is not much suppressed at the higher energy ≫ due to the Boltzmann factor in the total yield expression. The figures predict that production rate as function of momentum transverse have much enhancement over the production rate as function of the photon energy.
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In comparison of the yield rate of the two different quark flavors, the higher quark flavor has larger yield than the lower value. It is due to more interaction among the large number of constituent quarks.
Lastly, in Figures 9 and 10 , we study the total spectra at the temperature = 0.30 GeV as discussed in other works for the different processes of photon spectra for these two different flavors. In these processes, we compare the results with the earlier outputs of other works [14, 15, [50] [51] [52] [53] [54] [55] and also compare results with WA98 direct photon data and photon spectra at RHIC energies measured by PHENIX collaboration [22] [23] [24] [25] [26] [58] [59] [60] [61] [62] [63] . In the comparison, we find that the production spectra of our model in the quark flavor = 2 has negligibly visible improvement over the other recent theoretical result of photon spectra in all the corresponding channels like annihilation plus Compton and AWS, but a slight visible improvement is found in the case of Bremsstrahlung. A similar situation is obtained in the case of quark flavor = 3. This means that the total photon spectra with the model of parametrization has same negligible enhancement over other theoretical calculation and good enhancement over experimental data of photon spectra in all the possible processes except the Bremsstrahlung. Above all, it indicates that our result gives significant contributions over other theoretical works and also results from WA98 and PHENIX data collaboration [22] [23] [24] [25] [26] [58] [59] [60] [61] [62] [63] .
Finally, we conclude that the evolution of the fireball through the parametrization factor enhances the stability of the droplet formation. The overall calculation of photon production and total spectra as a function of photon energy and transverse momentum incorporating the factor gives the improved results in the photon yield products from the earlier results. Thus, the consideration of parametrization factor in the quark mass has an important role in the evolution as well as in the photon measurements of the high energy heavy-ion collisions. So, this simple model gives improved results over the other theoretical models and experimental results.
